Spirophosphorane Structure, Apicophilicity of Heteroaryl Groups Crystals of the title compound are monoclinic, a= 18.9 93 (11), b = 8.757(5), c= 13.267(8) A, ß = 106.60(5)°, Z = 4 in space group Cc (Cs 4 , No. 9). The structure was determined by Patterson and electron-density methods and refined by least squares techniques to R -0.081, R' = 0.085 for 1293 independent reflections classified as observed. The molecule is found to adopt an almost regular trigonal bipyramidal geometry in which the two biphenylylene units span apical-equatorial positions and the 2-thienyl group occupies the remaining equatorial site. The 2-thienyl group, which is disordered, does not lie in the equatorial plane, and there is no indication of C2p-i P3d.-t interactions between the heteroaryl group and phosphorus. The steric requirements of the 2-thienyl group appear to be comparable with those of methyl and phenyl groups in bis(2,2'-biphenylylene)spirophosphoranes.
There is now a considerable body of information on the solid state structures of pentacoordinate cyclic phosphoranes, and it has been established that the structure of such compounds in the solid state spans the range between the idealised trigonal bipyramid and rectangular pyramid, along the C2v constraint of the Berry coordinate [1, 2] . It has been shown recently that in the bis(2,2'-biphenylylene)-spirophosphorane series (I)-(IV), the extent of distortion along the Berry coordinate towards the rectangular pyramid increases as the steric bulk of the unique R group increases [3, 4] . Thus, for the series studied, the above distortion increases in the order Ph~ Me < 1-naphthyl < 8-dimethylamino-lnaphthyl.
(I), R -8-dimethylamino-lnaphthyl ; (II), R= 1-naphthyl; (III), R = methyl; (IV), R = phenyl; (V), R = 2-thienyl.
For some time we have been interested in the chemistry of compounds in which a heteroaryl substituent is directly attached to phosphorus. In previous papers in this series, we have reported on * Reprint requests to Dr. D. W. Allen. + Part 15. D. W. Allen and B. F. Taylor, J. Chem. Soc.
Dalton Trans. 1982, 51. 0340-5087/83/0400-0465/$ 01.00/0 the effects of 2-and 3-furyl, 2-and 3-thienyl, 2-pyrrolyl and l-methylpyrrol-2-yl substituents on the rate and course of reactions involving nucleophilic attack at phosphorus in phosphonium salts [5] [6] [7] [8] [9] , phosphine oxides, phosphinate [10] and phosphonate esters [11] . There is considerable variation in the electronic effects of the above substituents, depending on the nature of the heteroatom and its position with respect to phosphorus. For example, both the 2-furyl and 2-thienyl groups markedly increase the rate of alkaline hydrolysis of phosphonium salts relative to comparable phenyl derivatives. The rate increase has been attributed to (a) the significant electron-withdrawing effects of the 2-heteroaryl groups which as a result of the preequilibria involved in phosphonium salt hydrolysis, lead to an increase in the steady state concentration of the anion R4PO -and (b) to the enhanced stability of the 2-heteroaryl carbanion relative to the phenyl (or benzyl) carbanion. Trippett [12] has recently also considered the relevance of the relative apicophilicity of the heteroaryl group in intermediate five coordinate phosphoranes. From the results of variable temperature NMR studies of phosphoranes bearing a 2-furyl group attached to phosphorus, it was concluded that the apparent apicophilicity of the 2-furyl group varied from system to system, being considerably more apicophilic than phenyl in some molecules, and slightly less apicophilic than phenyl in others.
As far as we are aware, there is no solid state structural information on phosphoranes bearing a heteroaryl group directly bound to phosphorus from a ring carbon. In this paper, we describe the structure of the phosphorane (V) prepared by one of us several years ago [13] . In view of the structural changes apparent in the series of phosphoranes heterocyclic unit, did not lead to successful refinement and final stages of the analysis were carried out in the space group Cc. Two 2-thienyl units, having a common C(l) atom attached to phosphorus, w r ere given ideal geometries and included in the leastsquares refinement with common isotropic temperature factors applied to atoms related by the pseudo two-fold axis. In addition, population parameters were applied to the two units with the final refined values indicating occupancies of 48 and 52% by the C(l), S(A), C(3A), C(4A), C(5A) and C(l), S(B), C(3B), C(4B), C(5B) moieties respectively. The biphenylylene hydrogen atoms were located and included in positions calculated from the geometry of the molecule (C-H 1.08 Ä). A common isotropic temperature factor was applied to these hydrogens and refined to a final value of U = 0.086(15) A 2 . Scattering factors were calculated using an analytical approximation [14] and the weighting scheme w = 8.811 l/[cr 2 (F) + 0.0002 F 2 ] adopted. The C(l), phosphorus and biphenylylene carbon atoms were given anisotropic temperature factors and refinement converged at R = 0.081, R' = 0.085. Final observed and calculated structure factors, thermal parameters and least-squares planes data are available on request*. The labelling scheme C(3) Fig. 1 . Labelling scheme adopted for (V). The 2-thienyl group is disordered; the two units have a common C(l) atom and the remaining atoms are designated either A or B.
* Further details of the investigations on crystal structures may be obtained from "Fachinformationszentrum Energie, Physik, Mathematik, GmbH, D-7514 Eggenstein-Leopoldshafen 2". The RegistryNr., CSD 50331, the name of the author, and the reference should be given.
adopted is shown in Fig. 1 while final positional parameters are given in Table I , bond lengths and angles in Table II .
Discussion
The coordination polyhedron about phosphorus in (V) is that of a trigonal bipyramid in which the 2-thienyl group is equatorial and the 2,2'-biphenylylene ligands span apical-equatorial positions (Fig.2) . The bond angles about phosphorus are very similar to those noted for the methyl and phenyl phosphoranes (III), (IV) and indicate little distortion from the regular trigonal bipyramidal arrangement (Table III) . The sum of the equatorial angles at phosphorus is 360° in all five phosphoranes [(I)-(V), (Table IV) . Taking the 2-thienyl group as the pivotal ligand, the direction of displacement from idealised trigonal bipyramidal geometry is the same as that found for the methyl and phenyl derivatives. The smaller displacement, -11.8%
compared to -16.9% and -15.0%, appears to be in keeping with the low distortion of equatorial angles noted in Table III . The disordered 2-thienyl ligand shows almost equal preference for the two possible sites, w r ith population parameters of 48% and 52%. There is little evidence of ^-bonding in the P-C (thienyl) bond for not only is the heterocyclic ring orientated significantly out of the equatorial plane (34.9, 39.9°), but the P-C(l) distance of 1.858 Ä is almost identical to that found in the methyl derivative (III), 1.859(2) Ä. The orientation of the 2-thienyl group with respect to the P, C(l), C(107), C(207) equatorial plane appears to be dominated by steric factors. The value for this dihedral angle varies considerably within the group of phosphoranes [(I), 21.1°; (II), 5.8°; (IV), 28.3°] and reflects the differing spatial requirements of the monodentate ligands rather than the presence of significant ^-interactions.
The possible apicophilicity of the 2-thienyl group appears to extend little influence upon the coordination polyhedron about phosphorus in the present structure. Rather, the almost regular trigonal bipyramidal arrangement adopted is a reflection of the strong preference of the biphenylylene groups for occupying axial-equatorial positions and the small steric requirement of the equatorial heterocyclic ring.
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